A novel and facile synthesis of carboxylic anhydrides from carboxylic acid using 4,5-dichloro-2-[(4-nitrophenyl)sulfonyl]pyridazin-3(2H)-one (2) is presented. Treatment of aliphatic or aromatic carboxylic acids with 2 in the presence of base in organic solvents gave the corresponding anhydrides in good or excellent yields
Carboxylic anhydrides are useful compounds either as acylating agents or as intermediates in organic synthesis, because of the enhanced electrophilic character of the carbonyl goups. 1 The availability of symmetric acid anhydrides is quite important for many transacylation applications, 2 because they do not give any by-products due to attack at the second acyl carbonyl group, which is the case when mixed anhydrides are used. Carboxylic acid anhydrides are usually prepared by reacting carboxylic acids with dehydrative coupling agents such as thionyl chloride, 2,3 phosgene, 4 phosphorus pentoxide, 5 isocyanate, 6 1,3-dicyclohexylcarbodiimide 7 or ethoxyacetylene, 1g,1h,8 or reacting carboxylate salts with powerful acylating agents such as acid chloride 9 or acid anhydrides. 10 These reagents have some drawbacks that limit their application: instability, toxicity, insolubility and high volatility. In order to overcome the problems, some N-sulfonylheterocycles such as 1-(mesitylenesulfonyl)-3-nitro-1,2,4triazole, 11 3-nitro-1-[(2,4,6-triisopropylphenyl)sulfonyl]-1,2,4-triazole 12 and 1-[methane(or phenyl)sulfonyl]benzotriazole 13a have been developed as mild and stable electrophilic sulfonyl group transfer reagents. These Nsulfonylheterocycles convert carboxylic acids into their corresponding anhydrides via sulfonylcarboxylates (RCO 2 SO 2 R) as key intermediates. 13 In continuation of our studies on the reactivity and application of 2-(arylsulfonyl)pyridazin-3(2H)-ones, we found that benzenesulfonyl group of 4,5-dichloro-2-(arylsulfonyl)pyridazin-3(2H)-ones transferred to some aliphatic amines 14 and that the treatment of 2-(phenylsulfonyl)pyridazin-3(2H)-ones with carboxylic acid in the presence of a base formed the corresponding sulfonylcarboxylates (RCO 2 SO 2 R). Moreover, 4,5-dichloropyridazin-3(2H)one is also a stable leaving group. 15 We report here on a mild and facile procedure for synthesizing symmetric acid anhydrides from carboxylic acids using 4,5-dichloro-2-[(4-nitrophenyl)sulfonyl]pyridazin-3(2H)-one (2) as a novel mediator.
In order to evaluate the sulfonyl-transfer potentiality of 2-(arylsulfonyl)pyridazin-3(2H)-one derivatives, benzoic anhydride (8) was synthesized first from benzoic acid (1) using some 4,5-dichloro-2-[methane(or arylsulfonyl)]pyridazin-3(2H)-ones such as 2-7. 14 The results are shown in Table 1 . Benzoic acid (1) was treated with compounds 2-7 in the presence of K 2 CO 3 in THF at 40°C to give benzoic anhydride (8) in 56-97% yields. The proposed mechanism is shown in Scheme 1.
Compound 2 showed the best results. To compare the sulfonyl-transfer potentiality of 2 with other N-[(4-nitrophenyl)sulfonyl]heterocycles, we also attempted to synthesize benzoic anhydride (8) from benzoic acid (1) using compounds 9, 13a 10 16 and 11. 16 Treatment of acid 1 with 9 in the presence of K 2 CO 3 in THF gave 1-benzoylbenzotriazole (12) instead of anhydride in 92% yield ( Table 2 ). During the reaction of 1 with 9, we could not detect the formation of the corresponding anhydride by TLC monitoring. This result may be due to the fact that the reaction rate of benzotriazole anion for sulfonylcarboxylate is faster than that of the carboxylate ion. Katritzky and his co-workers 13a had also reported a similar result. Reaction of acid 1 with 10 under the given conditions for 190 hours gave anhydride 8 in 30% yield. Reaction of acid 1 with 11 , however, did not proceed. Compared to the reactivity of four N-[(4-nitrophenyl)sulfonyl]heterocycles for the synthesis of benzoic anhydride (8), compound 2 is definitely superior to the others under our conditions. Therefore, we selected compound 2 as a novel mediator for the direct synthesis of anhydrides from carboxylic acids.
Treatment of aliphatic or aromatic carboxylic acids 13 (2 equiv) with compound 2 (1 equiv) in the presence of base (2 equiv) such as K 2 CO 3 , 4-(N,N-dimethylamino)pyridine for 13f and triethylamine for 13a and 13c in THF or CH 2 Cl 2 at 40°C easily gave the corresponding anhydrides 14 in 70-98% yields ( Table 3 ). Use of triethylamine or 4-(N,N-dimethylamino)pyridine, respectively, as a base for the preparation of 14a and 14c, and 14f is more favorable than K 2 CO 3 with respect to improvement of yields. The other products, 4,5-dichloropyridazin-3(2H)-one and 4nitrobenzenesulfonate salt, were isolated in excellent or good yields (Table 3 ).
In conclusion, a useful synthesis of symmetric anhydrides was achieved by using 4,5-dichloro-2-[(4-nitrophenyl)sulfonyl]pyridazin-3(2H)-one (2) as a source of benzenesulfonyl group. This method of preparing anhydrides has the following advantages: i) direct conversion of the acid to anhydride, ii) mild reaction conditions, iii) easy preparation of reagent 2, iv) use of stable but not hygroscopic solid as a reagent, v) simple experimental procedure, and vi) quantitative recovery of reusable 4,5dichloropyridazin-3(2H)-one and potassium 4-nitrobenzenesulfonate.
Reagents and solvents were used as received from commercial sources. TLC was performed on plates coated with silica gel (silica gel 60 F254, Merck). The spots were located by UV light. Column chromatography was carried out on silica gel (silica gel 60, 70-230 mesh). Melting points were determined with a Thomas-Hoover capillary apparatus and are uncorrected. 1 H and 13 C NMR spectra were obtained on a Bruker FT NMR-DRX 500 or Varian Inova 500 spectrometer. The chemical shift values are reported in d units (part per million) relative to TMS as an internal standard. IR spectra were obtained on a Hitachi 270-50 or Mattson Genesis Series FT-IR spectrophotometer. Elemental analyses were performed with a Perkin-Elmer 240C. Mass spectra were recorded with a Jeol JMS-700 spectrometer.
Carboxylic Anhydrides 8 and 14a-j; General Procedures
Method A: A mixture of carboxylic acid 1 or 13 (3.13 mmol, 2 equiv), base (2 equiv) and 2 (1.565 mmol, 1 equiv) in anhyd THF (30 mL) was refluxed until 2 had disappeared (TLC monitoring). After cooling to r.t, the mixture was filtered and washed with THF (50 mL). After evaporating the combined filtrate under reduced pressure, the anhydride was extracted with n-hexane (180 mL) from the resulting residue. The hexane solution was evaporated under reduced pressure to give the corresponding anhydrides in good or excellent yields. 4,5-Dichloropyridazin-3(2H)-one was recovered from the residue in quantitative yield by filtration and washing with H 2 O (100 mL). The aqueous filtrate was evaporated under reduced pressure. After triturating the residue with THF (70 mL), the solid was filtered and dried in air to give potassium 4-nitrobenzenesulfonate in good yield. The obtained 4,5-dichloropyridazin-3(2H)one and potassium 4-nitrobenzenesulfonate were identical with authentic compounds.
Method B:
A mixture of carboxylic acid 1 or 13 (3.13 mmol, 2 equiv), base (2 equiv) and 2 (1.565 mmol, 1 equiv) in anhyd THF (30 mL) was refluxed until 2 had disappeared (TLC monitoring). After cooling to r.t., the mixture was filtered. The resulting precipitate was washed with H 2 O (100 mL) and the H 2 O was evaporated under reduced pressure. After triturating the residue with THF (70 mL), the solid was filtered and dried in air to give potassium 4-nitrobenzenesulfonate in good yield. The combined THF filtrates were also evaporated under reduced pressure. The resulting residue was applied to the top of an open-bed silica gel column (3 × 5 cm) and the column was eluted with CH 2 Cl 2 . Fractions containing anhydride were combined and evaporated under reduced pressure to afford the corresponding anhydrides in good to excellent yields. The fractions containing 4,5-dichloropyridazin-3(2H)-one were combined and evaporated under reduced pressure to recover it in quantitative yield.
Method C: A mixture of carboxylic acid 1 or 13 (3.13 mmol, 2 equiv), base (2 equiv) and 2 (1.565 mmol, 1 equiv) in anhyd THF (30 mL) was refluxed until 2 had disappeared (TLC monitoring). After evaporating the solvent under reduced pressure, the residue was dissolved in CH 2 Cl 2 (200 mL). The mixture was filtered using a sintered glass filter filled silica gel (2 cm). The filtrate was evaporated under reduced pressure to give the corresponding anhydrides in good to excellent yield. After washing the resulting residue with EtOAc (200 mL), the organic filtrates were evaporated under reduced pressure to give 4,5-dichloropyridazin-3(2H)-one in quantitative yield. Finally, the residue was washed with H 2 O (100 mL), and the aqueous solution was evaporated under reduced pressure. After triturating the residue with THF (50 mL), the soild obtained was filtered and dried in air to give potassium 4-nitrobenzenesulfonate.
Benzoic Anhydride (8)
Mp 40-41°C (Lit. 17 
